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Aircraft Regereratior: A Key Force Structure Concept

for Transit ion into the Twenty-First Century

Overview

'The most fundamental guideline for equipoing the United

States Air Force is that the unioue flexibility of airDower

must be preserved so that it can be exoloited when

rec! uired. " i

The end of the Cold War, perceived "peace dividends, "

and the realities of a declining rmilitary budget nave created

a situaticn that has been encountered previously only at the

end of major conflicts such as World War I, World War II, Ko-

rean War and Viet Nami War. This situation is a Dossiole ex-

cess oif riission-capable aircraft. In the past we have re-

tired, sold, and destroyed most of our excess forces. The

orocess of developin g arind orocuring new weapon systems is

len 0thy and costly. Therefore. we need to change the way

that we manage our aircraft inventory. Altnough I will con-

centrate cn the concept of aircraft regeneration2 , the prin-

ciples of regereration apply to space systems, supoort ecuip-

meit, vehicles, material hanrdl ino eaul ornent, rissi les. anrd

communications-electronics systems.

AMARC Missigns_._ Acqcol isynments arid Caoab: £ it 1es

In, 1985 the Military Aircraft Storane and Disposition

Center was renamed the Aerosoace Maitrenarce and Regenerat ion

Center (AMARC). The chance reflected a mission shiftirg to-

ward em oasis or regeneratic n of aircraft. The AMARC facil-

ity at Davis-Monthan AFB, Arizorna, is ioeally suited for



long-term storage an reoeneraticn efforts. The dry desert

ervironment is the most ideal locat ion for storage of air-

craft. In add ition, over many decades of stcrir, and reger-

eratirng aircraft AMARC has developed techniques for long-term

protection; salvaging ard reclairng key ccmnpornents; periodic

inspections; arid makirg aircraft airworthy again. Anr extern-

sive Desert Storage Test Prooran was conducted from 17

through 1974, concentratir,g n, the best long-terrn aircraft

preservaticn processes. The results of the test program were

inccrpcrated into the AMARC procedures.3 During Fiscal year

1990 AMARC regenerated 202 airframes for use as mission, air-

craft, drones, and museum display. 4

Buget_ an Force Structure Irmploicatl, ns

The current Five Year Defense Plan has identified sio-

nificant cuts in our military budget that can be accomplished

only by force reductions, cancelling or stretching out pur-

chases of new weaporn systems, or a combrinat ion of cuts and

cancel lat ions. Senator Sam Nunn s proposal for a new

military strategy includes "improving existing platforms and

reducing new starts; innovative research to preserve our

technological suoeriority; arid preserving a viable defense

industrial base."5 Senator Nunn also believes strongly in

emphasi zing product imnorovemnent s whenever those decisions are

"smart. " 6

The Packard Commission emnhasized p o:duct improvements
to existing weaoon systems as an alternative to cesipniing
new generatiors of weapons. Despite this recommerndation,
the pending budget request c:,ntinues most of tne major
new weapor develooment programs while terminating exist-
ing weapons, some of which could be updated at far



less expense.

I believe that in tne next few years our Air Force

will be forced to shrink drastically in size. The estimate

of defense budget cuts thriouth the next five years ranges

from adrnristrat ion figures of 2-25 percent to as much as 50

oercert. 3 In -n era ':f decliiini budgets. we are forced to

make a tough decision between raintainin2 our current force

structures or develorina arid procurir, g new weapon systems.

Addressing the salutary results of systerils-uDnrade
proqrams, General Welch declared that, in using, that
approach, 'we've doubled the capability of the B-52.
We've increased the capability of each tanker by fifty
percent. We've transfo-,rmed the F-16 from a cav fighter
into a highly effective rnultimission aircraft. We have
cortinued to gr,-ow the ai r-suDeri-ority capability of the
F-15, which is clever years old. The aorc-ach works.
It's cost-effective. But when our capability to- meet
the threat can't be satisfied Eby] using, thiat aoroach,
we have rio choice but to step uD to the kinds of
investments that it takes to excloit techr, olo0y and
Droduce new systems.'9

Therefore, the most logicF-Al answer is to remove some of our

older weapor systems, while maintaining researchi, develop-

mernt, and procurement of new weapon systems. With a rmix of

existing aircraft arid new weao,-_r systems we car, maintain

superior capability arid technical suDeriority, arid still

Drot ect our vital procurement, research, ard developmrent.

0Opt I ons

The Air Force has three oc't ions that it car .. tse wher, it

takes an aircraft out of the inventory. First, if it has rio

remairin, service life or usefulness (afte.- reclaimiring esio-

nat ed coMpc:inents ard er,rines) it can be sold for salvaoe.

Second, it car be sold or rjiver away (orimariiy tc, a third



world country as a part of the security assistance program).

Or third, it can be regererated and possibly flown again. As

a regenerated aircraft, the air vehicle may evolve into a

drone, reenter the inventory as an ooeratiornal weauon system!

or become a museum display.

At the end of World War I, the United States sold over

35,000 aircraft (orimarily trainers and transoorts), and made

plans to scrap or store the remaining 30,000 aircraft at the

newly designated central storage facility at Davis-Monthan.

The requirements of the Berlin Airlift and Korea caused thou-

sands of these stored or scrao-desipnated aircraft to be re-

generated.10 The history of Davis-Monthan shows extensive

regeneration of aircraft over the past four decades,

especially in response to conflicts such as the Berlin Air-

lift, Korean War, Cuban Missile Crisis, and Viet Namn War. 1 1

A classic example was the operational deployment of the AC-47

gurshio in Viet Nam while its replacement, the AC-130 gun-

ship, was being developed. "In this case, a relatively

evolutionary weaoon used new technology to improve on older

systems and tactics. " 1 2

Keenirg aircraft in the inventory for thirty years or
more is becomino the rule rather than the exception.

Such workhorses as the F-4, B-52, KC-135, C-130, C-141,
and F-15 are stable design types that will carry the
load for many years to come. Despite their ages, each
oF these aircraft has been and continues to be a

significant part of this country's powerful arsenal
because of their anility to accent rocifications. 13

Storaoe Proosal

But why retire aircraft that still nave a significant

service life? I propose that the Air Force estaolish a Dro-
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gram to store a large oort ion of our aircraft i rvent ory

(25-50 percent) with the intent ion of regenerat in them in

the future. This plan should have sirnnificant benefits and

minimal risks. In fact, it can be considered as an insurance

policy for weapon-system capabilities.

The orocurement of new weaoor, systems is rife with Do-

tent ial problems. Examples are contractors who are unable to

meet production and delivery scheoules, cost overruns, re-

auced congressiorial funding or unproorammed stretchouts of

procurement, changes in the threat or ooerating environment,

and inability of the contractor to meet mirnimum specifica-

tions or overcome technical comolications. Any cf these con-

ditions could ozuse disastrous shcrtfalls in the military ca-

pati 1 ty of our Air Force, but a regenerated aircraft could

serve as both a transition and an insurance policy against

such pitfalls.

Stcoring aircraft has an immediate, posit ive impact on

our budoet process arid supportability of remaining aircraft.

It reduces ooerating and maintenance expenses because stcared

aircraft need not be flown. In addition, key comoonents such

as avionics and engines car, be removea from the aircraft and

put back into supply channels. Such oractices wouid reduce

requirements for ourchasing some soare parts and increase

mission availability ano supply levels for the remaining

fleet. As an exarnle, trhe recent reenroiniing of 185 KC-135E

aircraft with commercially saivapeo enaines resulted in an

estirmated savinas to the Air Force of $750 million. 14
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Storage Oerat a cur

The storape ard regeneration process for our fleet would

be a key part of a weapon-systern master plan. The basic con-

cept would be to store aircraft that still have a sigrificant

remairnilng service life while continuing, to fly our

top-of-the-line aircraft arid those effective aircraft that

have a limited rernainring service life. ideally, the aircraft

targeted for storage ard future regeneration should have

about half cf their service life remaining. Aircraft aD-

proachirng the end of their service life are not as cost ef-

fective to regenerate, their regeneration requirements can be

extensive, arid their lirniteo rermairing service life after re-

generation limits their contributions. Aircraft with a great

deal of remaining service life are also probably rot the best

candidates. These newer aircraft can not take advantage of

as many techniological improvermients and storirnp them would de-

prive the Air Force of a caoable fighting force. The deci-

sion as to which aircraft are to be restored ard regenerated,

which must begin with the Air Force Logistics Commrand (AFLC)

System Program Manager (SPM), would deoend on a variety of

issues such as remaining service life, mission requirements,

and security threats.

In mrany cases we need to validate the service life and

limitations of our fleet. "Hundreds of C-135 aircraft, the

first of which was delivered in 1955 with a projected service

life of 10,000 flying hours, are still going strong and are

heaoed toward 36,000 hours."15 In additio,. mission-profile
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changes (e.g., hign-altitude to low-altitude for B-52s) carl

cause a considerable impact on the service life and logistics

supportability of weapon systems.

Advantapes of Reperleration

The most irmportant benefit of regeneration is that it carl

take advantage of techrologicai improvements. "In the past,

the United States led (the Soviet Union> in 15 of 20 key

technology areas, with the United States and the Soviet Union

about equal in the remaining 5. Recent trends, however, are

not as cood."16 In addition, many of our technological ad-

vantages in aircraft can disaoear almost overnight. This

can occur throeugh ccmrnercial purchases, reverse ergineering,

and techn:'logy improvements ir, the threat. This "perish-

able" technology can be improved or replaced on aircraft as a

part of the regeneration process so, that the regenerated air-

craft nave the best capabilities available. Before a stored

aircraft is regenerated, it may utilize technological en-

hancements. Regeneration will also prcvide a greatly in-

creased capability while decreasing costs, providing improved

availability, creating attrition fillers for existing air-

craft, simplifying transition into new weapon systems, pro-

viding a force more responsive to the threat, providing test

vehicles fo, r further improvements, and maxi mizinp the advan-

tages derived from new weapon systems.

Tecnno ioq_ I mroversent s

Avionics is a key area where in state-of-the-art tech-

nolopy has been inserted irto: existing aircraft. For ex-
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ample, monolithic microwave integrated circuits (MMICs) are

bei rig used on sol id-state array airborne radar aria in

electronic-warfare aoplications at one-tenth the cost and In

one-third the soace, with irnproved capabilities, ard 25 times

more functional reliability than previous circuits. 17 Reger-

erated aircraft could take advantage of this new technology

as they are reintroduced into the inventory.

The F-1i1D dipital signal transfer unit was originally

ranufactured with two cormolex circuit boards that each cost

$24,000 and had a mean t ime between failure of forty hours.

By replacing these two boards with orne very-hign-soeed inte-

grated circuit (VHSIC) boara, the cost has decreased to

$3,000 for a single board arid reliability has improved over

ten t-housand Percent to an average of 5,000 hours between

failures. 18 The remarkable advantaes of VHSIC have revolu-

t ionized the electronics industry arI demornstrated sID-

nificant savings in weight, power realuirements, size, arid

cool irig requirelents. VHSIC also can yield improved

sustainabi 1 ity, redunrdancy, lower life cycle costs. con-

fiouratior, simD.iification, improved reliaoility aro rnaintari-

ability. Most imoortantly, VHSIC has increased capability

and availability.

The technologies currently being developed for future

aircraft could yield exceptional capabilities for reqererated

aircraft. Specifically, improvernents in turooorooulsion ca-

pability arid the hydrocarbon fuel aevelopmrents in nypersonic

proouJsion may render many Of our current proaulsion systems
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obsolete. 19 'iers these techrol, gies are ar)plied to existing

weapons systems, we may have a substarntial increase itn capa-

bilities.

The regeneratior, process could be a costly optior, that

might force us to aecioe betweer, renerieratior, ard procuring

new weapon systems. The keys to avcio the disaavar tages of

reoenerat ion are proper plarrtir an a rcommitrnent to the

overall regeneratior process. It will taKe visionary leaders

ard a realistic comrtiitment to reoererat ion to make the prn-

ciple hapoen.

Regenerated aircraft have often beern used oy the Air

Force as remotely piloted vehicles (RPV) for -arget drones.

In addition, RPVs "car already substitute very advantageously

for oiloted aircraft used in recornrsaissarce, and they co ul d

easily be develooed to serve as strike aircraft as well. " 2 0

C,-mouters have areat iv enhanced the combat caoabi : ity of

our frort-line cormbat aircraft. The radid arid imoressive ad-

vances in artificial intelligence may yield sionificant ben-

efits in our ability to successfully identify. erpoaqe, ard

destroy enemy groudr and airborne resources. Artaficial ir-

tellipence may provide expert systermis diagrcstics that will

reduce react ion t ime, oroviae recomrnersaec aircrew reso-:rses,

and improve maintenance act ions. Renenerated aircraft could

incorpcrate these comp uter techr i, y acIvar, ceS ard arti flclal

intel 1 igence.

Over the last twent v years. mi croelect rora cs have

dcubled the storaoe capability of d ynarm1c r ando m access



memories every 2. 5 to 3 years. "Other imoc, rtant benefits

achieved with shrinking size include lower ocwer demand,

hiqner reliability, lower cost ard very high soeed."21 Mi-

croelectronics is just one of twenty critical technologies

that the Secretary of Defense arid Secretary of Energy nave

olanned to aeveloD in order to ensure "the long-term oualita-

tive superiority of Uniteo States weaoon systems"2 -  The ma-

jor long term goals of these twenty technologies are improved

deterrence, military superiority and affordability. These

critical technolog-_ ies could greatly enhance regererated air-

craft.

In 1985 the Uniteo States Air Force ccmpleted a compre-

hensive study (PROJECT FORECAST Ii) to "identify the

higm-leverage technologies that would contribute to sig-

nificant improvements in the Air Force's warfightin caoa-

bilities in the next 10 to 20 years". 2 3 The 39 Project Tech-

nologies and 31 Project Systems selected during the PROJECT

FORECAST II evaluation may have the Most Dotertial for use in

any regenerati on efforts.

Scares

When an aircraft is storecl fo:r cssible future regen-

erationj the AFLC Item Manager (IM) and SPr'i determine which

cc, noorents must be removed and entered into tne Air Force

supply inventory in oroer to sUOort the remaining aircraft.

This "save" list is a critical part of the !ogistics support

process for the ent ire weapon system. Any como', rents that

are in immediate need due to shortages in the War Readiness

10I



Spares Kits (WRSK) and Base Level Sufficiency Stocks (BLSS)

are prime candidates. Ir, addit ion, iterns that are

technologically fragile or impossible to preserve during the

storane process should be "saved. " The replenishment of

these remcved components with replacements arid imorovea corn-

ponents is a key element of the regerjerationr plan. In fact,

the IM should evaluate the regeneration process, use develop-

iQ prograrns and technologies whenever possible, and advocate

the development of imDroved items wherever there is a ben-

efit. This process should also reduce carts counts arid aid

in simplifying tne repair anrd procurement process.

During FY90 the "save" list of soares resulted in over

275,000 cornmonents generated from AM RC into suoply channels

at a svaviris of $351.5 millior.21

The recycling of soare parts during storage of regen-

erat ior, aircraft may cause many aircraft oarts suppliers to

lose potential contracts and may jeooardize their, futures as

suppliers of military parts. Close cooriration, with parts

suppliers must be accomolished to ersure that our industrial

base is caoable of respondir,0 to future requiremernts.

Cost Savins

Lieuternant General Viccellio (AF/LE) believes that "our

cnallerge for the nineties is to sustair, the imorovements in

capability achieved during the eighties, but to C'o so at a

reduced cost. "25

Regenerat ion provi des si gnificant cost saviras. AD-

oroximately 25 oercent of the Air Force annual budnet is

11



allocated directly to operat ions and maintenance expenses. 26

Storage of aircraft would provide a substarntial reduction in

these expenses. Regeneration should also provide savings in

the life cycle costs of existing aircraft. The cost benefits

realized throughl improved reliability, maintainability, and

reduced spares will have a significant impact on future ex-

penditures. In addition, initial storage of aircraft will

provide a large number of adit ional spare components, with a

ccrresponding decrease in the purchase requirements for re-

placement spares.

Pttritin Fillers

The aircraft stored as a part of any regeneration plan

provide our country with a ready source of attrition-filler

aircraft in case of war. If aircraft are attritted during a

coriflict, the stored aircraft could be regenerated in a

similar configuration to replace the lost capability in sig-

nificantly less time, and at a much lower cost, than purchas-

irg replacement aircraft. Many oF the structural components

found on stored aircraft are not usually available in supoly

channels. These structural oarts could be ouickly removed in

order to repair battle darmaged aircraft.

"Even in a nat ional emerpency, some aircraft spares

might not be available for 2 years or more because of long

orocurement and manufacturing lead t imes, caused primarily by

a relatively small defense industrial base already burdened

with supporting old anrd new aircraft technologies. , 27 The

logistics suoport of DESERT SHIELD caused AMARC to remove 875

12



parts from B-52, F-ill, ard C-130 aircraft in storage in or-

der to meet critical mission reopuienents. 2 6

Berefits From New Weaoorn Systems

It is vital to establish links between new aircraft

techrnology and requiremerts of existing weapor systems. The

Air Force Systems Command (AFSC) has been formally tasked to

"ersure that laboratory efforts consider technology insertion

to overcome logistics support neecs for fielded systems that

are identified ir weapon system master plans. "29 Technology

insertion can also protect and enhance the Droauction rates

in new aircraft by allowirg the contractor and the Air Force

to take advantage of economies of scale. This will helm

drive down the cost-oer-ur,it, keep production lines open, and

allow for test arid evaluation, or existirnq aircraft prior to

cornmitting unknowr technologies. In addition, the SPM must

prioritize the requiremerts, along with MAJCOM coordiration,

to the approoriate laboratories in order to maximize the ben-

efits of regereration. The consolidation of AFSC and AFLC

scheduled for 1992 will facilitate this process. Also, we

should examine the systems developed arid Drocured by other

services, classified military proarams, comrercial Droducts,

and programs aeveloped by other countries. As an example,

the improvements of F-16 engines being developed by the Is-

raelis may yield significant bereefits to our Air Force.

A thorough study of technology insertio, into existing

Air Force weaoons systems was accomplished by Mr. Roger

Ashley ins 1990. His conclusion was that "improvingq technol-

13



ogy insertion ir, existing weapon systems can only be done if

AFLC System Prcgram Manaoers make it a personal oriority to

ensure that technology insertion is accornplished on the

weapon system that they manage.

Test Vehicles

Often new weapons systems, reolacement comDnents, TRAP

(tanks, racks, adapters, ard oylons), ana weapons recuire an

aircraft in order to provide testin, and validation. Stored

aircraft provide a ready source for this ourDose, and such

test vehicles car be dedicated for an indefinite time without

impacting mission readiness of the current fleet.

Weaoor, System Master Plan

"Building up without a stratepy is foolish: building down

without one could be disastrous. "31 The Weaoc'n System Mas-

ter Plan (WSMP) is the key to success for regeneration. It

is a plan that has been 0eveoioed by AFLC, in conjunction

with the MAJCOMs, theater commanders, arid the Air Staff that

encomnasses all asoects of each weaDon system.32 "It will

serve as a road map and tool for integratina and scheduling

future mod ificationrs. "33 A technology-irsertion prcgramn is a

key part of any weapon system master plan, whether or rot re-

generation is considere. 34 Good olannin arid close coordi-

ration for retrofit items are essential so that prcoductiorn

lines will not be inadvertently terminated ard so that we can

get the best overall unit orice.

A Reaeneraticr An nex should me a mart of the WSMP. It

must be a phased plan to procure c:r obtain missing marts on

14



aircraft targeted for regeneration anC to insert new parts

and systems. The key is to use technoloay and capability irn-

provernents wherever possible. In adclition, the SPM must

identify key candidates for technology enhancements and re-

search arid development efforts by the Air Force Laboratories.

These can be developed independently or in conjunction with

systems being procured or designed for new weapon systems.

Combiring AFLC and AFSC should enhance this program because

it will reduce the levels of bureaucracy.

The Air Staff must evaluate the trade-offs between dif-

ferent weapon systems to ensure that the Air Force has a full

rangae of capabilities to meet our needs and that we exoloit

our advantages. A Mission Capability Master Plan snould be

developed that will include the aporopriate asoects of each

WSMP and ensure that the Air Force retains the capability to

oerform all assigned missions

Concl usi oi

Those resoonsible for e.uippirp the Air Force face a
series of difficult decisions. They must carefully
balance the capabilities needed apainst cost and
operational flexibility, all the while rairtaining
the overall flexibility of the entire force. In making
these difficult decisions, at least four other factors
are of critical importance: (1) capabilities and
numbers, (2) vulnerabilities, (3) logiistics, and (4)
interooerao 11 ity. 36

Regeneration is not the ultimate solution to the multi-

tude of challenges that will face the force structure of the

Air Force as we head into the twenty-first century. However,

The major advantage of regeneration is that it can allow irn-

orovernents in technology to have the maximum effect on our

is
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